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BLOOD PH IN VIVO. I. CHANGES DUE TO
RESPIRATION*
LESLIE F. NIMS AND CLYDE MARSHALL
The sensitivity of the cortex to variations of its pH within the
physiological range is striking.' It is highly probable that the
activity of other organs is similarly affected by their acidity. The
intimate relation of the blood and its capacity to condition these
reacting systems is obvious. However, very little is known of the
actual moment-to-moment fluctuations ofthe hydrogen concentration
of the blood in living animals. It is important, therefore, that
further knowledge of changes in blood acidity under various condi-
tions beobtained, includingnot onlythemagnitude ofthealterations,
but also the speed at which they occur. The present paper reports
observations on the pH of arterial blood under various conditions of
respiration.
Method
The apparatus used for measuring the pH of the blood, consist-
ingofglass and salinewickelectrodes, cannula, potentiometer, micro-
voltmeter, and recording galvanometer, has been described.3'4 By
connecting the writing pen of the recording galvanometer to a stylus
moving vertically, it was found possible to record the pH directly
on the smoked paper of a kymograph. Simultaneous recordings of
blood pressure with a mercury manometer, and of the respiratory
movements of the chest with a pneumograph and Marey tambour,
were also made.
Dogs and catswereanesthetized with sodium amytal or nembutal
given intraperitoneally. They were injected with a blood anti-
coagulant, since the glass electrode furnishes sufficient calcium ions
to produce a rapid coagulation in untreated blood. Three anti-
coagulants were tried; heparin, "Liquoid" solution, and Chlorazol
fast pink. Heparin was effective but is expensive. "Liquoid" was
tried in a small number of cases, but other investigators have found
it to have certain undesirable properties.2 Chlorazol fast pink was
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preferred, for it is effective, inexpensive, and seems free of toxic
effects in the concentrations used. It was bought in the crude form
and purified according to the directions kindly furnished us by
Dr. Walter Modell. The dye was made up in a 10 per cent solution
and given intravenously in dosages of approximately 100 mgs. per
kg. of body weight. The dye had no significant effect on blood pH
or on blood pressure when additional doses were given to certain
of the experimental animals. The blood pressure records served
as an indication of the general condition of the animals, and gave
evidence that the pressure was sufficiently high to maintain a flow of
blood through the pH cannulas.
Results
Figure 1 is a continuous record for two and a half hours of the
pH of the blood in the right carotid artery of a cat. The animal
was under sodium amytal anesthesia, and had had its blood rendered
incoagulable with Chlorazol fast pink. The strip shown here is a
section of an eight-hour record and was taken two hours after record-
FIG. 1.Variations in the pH of the arterial blood of a cat under sodium
amytal anesthesia. Chlorazol fast pink used as anti-coagulant. pH cannula in right
carotid artery.
ing had begun. The general level of pH remained unchanged
throughout the period of observation. It was constantly fluctuating
within a range of ±+ 0.01 pH unit and showed occasional variations
up to 0.04 pH unit. The explanation for these variations of pH is
not apparent from the record, but they seemed to be associated with
slight alterations in the character of the respiration.
That such changes in respiration do affect the pH can be seen
in Figure 2 where respiration and blood pressure are also recorded.
Figure 2A was taken from a dog treated similarly to the preceding
animal. The dog had occasional inspirations deeper than the rest,
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FIG. 2. Variations in the pH of the arterial blood as a function of the fre-
quency of respiration. A. Dog. Sodium Amytal. Chlorazol fast pink. pH from
right femoral artery. B.P. from left femoral artery.
B. Dog. Sodium amytal. Chlorazol fast pink. pH from right carotid artery.
B.P. from right femoral artery.
C.D.E.F. Cat. Nembutal. Chlorazol fast pink. pH from left carotid artery.
B.P. from right carotid artery.
G. Dog. Nembutal. Chlorazol fast pink. Curare. Artificial respiration.
pH from left carotid arterv. B.P. from right carotid artery.FIG. 4. Variations in the pH of arterial blood with spontaneous variations in
respiration. A. Cat. Nembutal. Chlorazol fast pink. pH from left carotid
artery. B.P. from right carotid artery.
B. Dog. Nembutal. Chlorazol fast pink. pH from left carotid artery. B.P.
from right carotid artery.
C. Dog. Nembutal. Chlorazol fast pink. pH from left carotid artery. B.P.
from right femoral artery.
D. Cat. Nembutal. Chlorazol fast pink. pH from left carotid artery. B.P.
from right carotid artery.
FIG. 5. Variations in the pH of arterial blood with rebreathing and mild
hyperventilation. Dog. Sodium amytal. Chlorazol fast pink. Tracheal cannula.
pH from right femoral artery. B.P. from left femoral artery.BLOOD PHIN VIVO
as at a and b, and these were followed within 5 seconds by a shift in
the blood pH to the alkaline side. The majority of the individual
inspirations did not change the pH level; only the deeper gasps
produced this result. Figure 2B was taken from a dog in which
the respirations were slower. Here each inspiration produced its
own alkaline shift; the occasional deep inspirations were even more
effective. Figures 2C, D, E, and F were taken from a cat with
failing heart and respiration. At the increasingly slower rates of
respiration the changes in pH with each inspiration became larger,
until finallyin F, swings of 0.05 pH were produced. These records
are to be contrasted with Figure 2G taken from a dog under curare,
where the pH of the blood was constant.
Figure 3 was also from a dog under curare, and shows simul-
taneous recording of pH from both carotid arteries. The pH scale
as given is for the left carotid; the trace for the right carotid is dis-
placed 0.1 pH unit more acid to prevent overlapping in the record.
The animal was ventilated with a respiration pump, so that both the
rate and volume of air could be controlled. Changes in either rate
or volume were followed within 6 seconds by changes in the pH
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FIG. 3. Variations in the pH of arterial blood with artificial respiration under
curare. Dog. Sodium amytal. "Liquoid" solution. Curare. Tracheal cannula.
Indicated pH scale is correct for left carotid; right carotid displaced 0.1 unit more
acid to prevent overlap. This figure is a tracing of the original photographic record.
of the arterial blood. By suitable adjustment of the pump the pH
could be maintained at any level within the physiological range.
This gives a convenient means for obtaining a constant level of acid-
ity forthestudyof otherphysiological variables. Itshould be noted
that the rate of change of pH from one level to another was at first
rapid and then slower; its new level was approaching asymptot-
ically. The parallel course of the traces for both arteries demon-
strates convincingly the efficacy of the technic, and gives assurance
that the variable measured is a true property of the blood.
Figure 4 shows the effect of irregular spontaneous variations in
respiration on the pH of arterial blood. A, B, and C are from dif-
ferent animals under light nembutal anesthesia. It is notable that
with the irregularbreathing, the pH rapidly fluctuates and may vary
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over 0.15 unit within two minutes, as in 2C. D gives the pH
changes of the blood associated with periodic breathing.
Figure S demonstrates the changes in pH produced by short
bouts of rebreathing and mild hyperventilation. In rebreathing the
change was toward the acid side, and was more rapid during the
initial stages. The acidshift began within 10 seconds after rebreath-
ing was initiated. When the rebreathing was stopped the pH
increased rapidly, reached a value somewhat higher than its original
level, and then slowly returned from the alkaline side. The over-
shoot corresponds to the observed changes in respiration. Hyper-
ventilation was also characterized by a rapid initial shift followed by
a slower change. On cessation of hyperventilation, the periods of
apncea and of cyclic breathing were reflected in the pH.
Summary and Conclusions
1. It is possible to obtain continuous pH records of blood in
living animals for periods as long as eight hours.
2. Animals under moderate doses of amytal maintain an aver-
age level of acidity which is relatively stable.
3. Single, deep inspirations are followed by slight alkaline
waves in the blood pH.
4. When the breathing is slow each inspiration can produce an
alkaline shift in the arterial blood.
5. Under curare and artificial respiration, the pH can be main-
tained at any constant level within the physiological range.
6. With irregular breathing the pH of the arterial blood may
fluctuate widely. Changes as great as 0.15 pH unit taking place
within two minutes have been observed.
7. Changes in pH produced by rebreathing and by hyperventi-
lation are characterized by a rapid initial shift. After this initial
phase the rate of change tapers off.
8. Following rebreathing the pH of arterial blood overshoots
and then returns to its formerlevel from the more alkaline side.
9. The latency of changes in the pH of blood in the carotid
artery following spontaneous variations in respiration is 6 seconds
or less.
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